assume that an autonomy supportive environment leads to higher learner engagement and thus to greater achievements and deeper understanding of content. In school, knowledge acquisition (rote learning as well as conceptual learning) are regarded as most important. In this study, we examined the effects of teachers' autonomy supportive vs. controlling behavior on knowledge acquisition as measured by reproduction as well as at higher cognitive levels. The sample consisted of seventh graders (N = 85; M = 12.85 years; SD = 1.6 years). One week in advance to the teaching unit, the students were tested for prior knowledge using two knowledge tests. Test 1 used multiple-choice items to address rote learning and Test 2 used an open response format to address conceptual learning. One week after the teaching unit, the same knowledge tests were used to assess the learning outcome. Analysis of the knowledge tests suggests that the students taught in an autonomy supportive environment develop greater conceptual knowledge than those taught in a controlling environment. Rote learning was not affected.
Introduction
The purpose of high school is to educate the students to be responsible citizens (Scholl, 2009) , who can then apply their knowledge to different contexts. PISA studies (e.g. PISA 2012 in OECD 2013) as well as TIMMS studies (e.g. TIMSS 2012 in Bos, Wendt, Köller, & Selter, 2012) indicate that although Germany has already achieved this goal, there is room for improvement in some areas. A long-standing problem in Germany is that content knowledge acquired in school is not applied to outof-school contexts (Gerstenmaier & Mandl 1995; Renkl, Mandl, & Gruber, 1996) . The implication is that the teaching of content knowledge can be improved. The acquisition of knowledge is dependent on many factors, such as the student's socio-economic status, the type of school, and motivational factors (Yarahmadi, 2011) . The latter have a strong effect on the students' achievements in school, and can be influenced by the teachers' behavior (Reeve, 1998) . Reeve, Bolt, and Cai (1999) argue that a teachers approach to teaching can influence the students' motivational state and their level of achievement. They differentiate between autonomy supporting styles on the one hand, and controlling motivational styles on the other (Reeve, 1998; . Previous studies have suggested the positive effect of autonomy support on students' motivation (Mouratidis, Lens, & Vansteenkiste, 2010; Reeve et al., 1999) . The aim of this study was to compare the effects of teachers' autonomy supporting and control-ling behavior on the students' reproducible as well as conceptual learning achievement in biology classes.
Theoretical Background
The teaching environment can be greatly influenced by the teacher (Grolnick & Ryan, 1987) . Teachers who promote autonomy offer their students choices, give them informative feedback, and allow them the space to decide for themselves how they want to learn, and so forth (Reeve, 2002; Reeve et al., 1999; Reeve & Jang, 2006,) . Autonomy support facilitates satisfaction of the need for autonomy, considered one of the basic needs, along with social relatedness and competence. This satisfaction promotes intrinsic motivation. Furthermore, autonomy support is also crucial to the learning process (Deci & Ryan, 1985) . Grolnick and Ryan (1987) posit that an autonomy supportive environment can have a positive effect on the students' interest in taught content, and thus increasing personal relevance for the students. This is thought to lead to higher engagement by the learner (Grolnick & Ryan, 1987) , thus enabling more effective learning (Reinmann & Mandl, 2006; Weinert, 1996) . Students, who are taught by autonomy supporting teachers develop a deeper understanding of the content (Benware & Deci, 1984; Grolnick & Ryan, 1987) , get better grades (Miserando, 1996) , learn more and retain the acquired knowledge longer (Bätz, Beck, Kramer, Niestradt, & Wilde, 2009 ). They also have more endurance while learning (Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004) and acquire deeper and more complex knowledge (Müller & Palekčić, 2005) than students, who are taught in controlling environments. Teachers who tend to exhibit more controlling behavior withhold students' control over their own actions. Specific behaviors include providing explicit instructions for how tasks are to be performed (Assor, Kaplan, Kanat-Maymon, & Roth, 2005) , proposing solutions, giving students few or no choices, and put them under pressure to perform in prespecified ways (Reeve, 2002; Reeve et al., 1999; Reeve & Jang, 2006) . When students are taught by controlling teachers their perception of autonomy can become impaired. As such, a deeper understanding of the content, marked by confident success and persistence, is undermined (Assor et al., 2005; Ryan, 1982) . Nevertheless, the requested actions are carried out under threat of punishment (Assor et al., 2005) . Because the motivation to learn is extrinsic, incentives couched in the controlling teachers' behavior, e.g. reward or punishment, eventually turn the students' attention away from the central content of teaching. The students focus on "jumping through hoops," so to speak, often choosing the simplest and quickest solution without real regard to learning (Amabile, 1983; Vansteenkiste, Lens, & Deci, 2006) . This can lead to superficial ways of carrying out tasks, without ever reflecting on their significance (McGraw & McCullers, 1979; Ryan, 1982) . This way of learning supports the acquisition of inert knowledge (Renkl et al., 1996) and impairs learning as a means to reformulating knowledge in the context of the students' life, so as to make it applicable to every-day situations. In view of the importance of knowledge acquisition by students, this study investigated whether rote and conceptual learning could be enhanced by autonomy supporting teaching behaviors.
Hypotheses
We hypothesized that autonomy supporting biology lessons would have a greater positive effect on students' knowledge acquisition as compared to controlling teacher behaviors. We predicted this to be true for (a) reproducible and (b) conceptual knowledge. A positive effect was operationalized as significant differences in the two testing instruments described below.
Methods

Participants
Participants comprised four seventh grade biology classes at two middle schools (Realschule) (N = 85). One class from each school was taught using an autonomy supportive perspective (A-treatment, N = 44) and the other inform a controlling perspective (C-treatment, N = 41). Details of the operationalization of both perspectives can be found in Table 1 below. The students' average age was 12.85 years (SD = 1.6 years).
Measuring instruments
Two knowledge tests were used. The items in the pre-and post-test were identical. In order to avoid ordering effects, the ranking of the items was changed in the post-test. Knowledge Test 1 consisted of 27 multiple-choice items mainly addressing rote learning. Cronbach's Alpha was α =. 65. The item difficulty index ranged from .17 to .84. The measured cognitive achievement corresponded to level 1 of the competence area content knowledge (KMK, 2005) and to level 1 as described by Metzger and Nüesch (2004) . Both levels include the reproduction of knowledge and reproduction of skills and methods. Knowledge Test 2 consisted of nine open ended items addressing conceptual knowledge. It required short written answers (Lienert & Raatz, 1998) . Correct answers were rewarded with two points, incomplete answers with one, and wrong or missing answers with zero points. A maximum of 18 points could be achieved. Interrater reliability, determined by Cohen's kappa coefficient, was κ = .90. The difficulty index of the items ranged from .31 to .76. Knowledge Test 2 examined students' cognitive achievement, and was classified as at least level 2 of the competence level content knowledge (KMK, 2005) . This level contains the processing of familiar issues in a new context. The students were asked to apply their knowledge to a modified context or to describe it with their own words. This approach corresponds to process level 2 as described by Metzger and Nüesch (2004) . For example, the students were expected to be able to explain why the Eurasian Harvest Mouse (Micromys minutus) could not climb a tree.
Design
This was a quasi-experimental study that used a pre-and post-test design. One week before the teaching unit began both knowledge tests were administered to assess students' prior knowledge. To accurately measure possible knowledge increases, both tests were repeated one week after the teaching unit. Each teaching unit was three-hours long. There were no differences between the treatments in subject content or teaching methods. The students in both treatment groups worked in small groups with Eurasian Harvest Mice (Micromys minutus) and both investigated climbing behavior with respect to the habitats of these very small rodents. Only the teacher's behavior differed. In treatment A, the teacher was autonomy supportive whilst in the treatment C, the teacher behaved in a controlling manner.To standardize the autonomy support and the controlling teachers' behavior respectively, the characteristics developed by Reeve (2002) and Reeve and Jang (2006) were analyzed and summarized. The established speeches, feedback and instructions for both treatments were memorized by the teacher before the teaching unit started. The operationalization of the teacher's behavior in each treatment group is described in Table 1 . To ensure the correct implementation of the theory-driven teacher's statements between and within the treatment groups, all biology lessons taught were recorded. To ensure that the recorded differences were due to the treatment, and not to individual differences between teachers, all classes were taught by the same teacher. Controlling feedback, e.g.: "You did the work just as I wanted you to do it." Choice, e.g.: The students could choose their group members and the order in which they wanted to work on their tasks.
No choice, e.g.: The teacher chose the group members and the order of the tasks.
Use of unfamiliar presumably lesscontrolling symbols, e.g.: The teacher corrected the worksheets with a green pen.
Use of familiar controlling symbols, e.g.: The teacher corrected the worksheets with a red pen. Absence of controlling procedures, e.g.: Students were not given any marks for the unit.
Controlling procedures, e.g.: Students got marks for the unit.
Non-controlling language, e.g.: expressions such as "You could (…)" or "If you want (…)" were used.
Controlling language, e.g.: expressions such as "You must (...)" or "You should (…)" were used. Non-controlling organisation of the lessons, e.g.: the students could choose how much time they spent on the tasks within a given amount of time.
Controlling organisation of the lessons, e.g.: students had to finish the task when the teacher told them.
Results
We were interested in rote and conceptual learning. The repeated measures ANOVA showed significant learning improvements with an effect size from pre-to post-test in rote learning for both treatment groups (F1, 84 = 32.270; p < 0.001.; η 2 = 0.278). Thus, the lessons were successful. However, the main research question of this study was how effective autonomy supportive teaching was in comparison to controlling teacher. In rote learning there were no treatment effects (F1, 84 = 0.665; p = ns; η 2 = 0.008; see Figure 1 ). In order to control for a possible dependence on previous knowledge, we conducted an ANCOVA with previous knowledge as covariate. There was no significant influence of previous knowledge on a possible treatment-dependent learning achievement in the students (F1, 84 = 0.002; p = ns; η 2 = 0.000).
Knowledge Test 2 addressed higher cognitive performance levels than Knowledge Test 1. Firstly, we report the effectiveness of the lessons. In both treatment groups, the ANOVA with repeated measures shows a significant and very clear learning advantage from pre-to post-test in Knowledge Test 2 (F1, 84 = 454.650; p < 0.001; η 2 = 0.844). There was also a significant time-dependent treatment-effect (F1, 84 = 35.246; p < 0.001; η 2 = 0.298; Figure 2 ). Autonomy supportive teacher behavior seemed to have a significant influence on learning at higher cognitive levels. The possible effect of previous knowledge was again controlled for using ANCOVA, although it revealed no significant influence of previous knowledge (F1, 84 = 0.216; p = ns; η 2 = 0.003). 
Discussion
We were interested in the effects of teacher autonomy supportive and controlling behavior on students with regard to reproducible and conceptual knowledge acquisition. In the study we found significant learning improvements from pre-to post-test in both treatment groups for both types of knowledge. There were no differences in reproducible knowledge between the students who were taught in a controlling context and those taught in an autonomy supportive context. At the higher cognitive level, there was a meaningful difference between the students who were taught in a controlling context and students who were taught in an autonomy supportive context.
It is a given (e.g. Kroß & Lind, 2001 ) that students' prior knowledge can have a significantly influence on growth in knowledge acquisition. Therefore the students' prior knowledge was assessed at the beginning of the study to ensure that students of both treatments were of a similar level of knowledge. We found an increase in knowledge from pre-to post-test for both treatment groups. In the reproducible knowledge measure, there were no significant differences between the students of the autonomy supportive group and the students who were treated in a controlling manner. This is in line with results by Grolnick and Ryan (1987) . For the higher cognitive level, there was a clear treatment effect in favor of the autonomy supportive students. Similar results were found by Grolnick and Ryan (1987) . The laboratory study originally conducted by Grolnick and Ryan (1987) was be reproduced in a much more ecological valid context, namely in the real school context of seventh grade biology lessons. In our study, we found that autonomy supportive biology lessons favored the acquisition of conceptual knowledge. Autonomy support promoted a self-determined commitment to the students' own aims in the unit (Deci & Ryan, 1985 . Thus, the attention of the learners was much more focused and learning was more active and more effective. This more intense contact with the subject matter is thought to enable deeper, conceptual knowledge (Boggiano, Flink, Shields, Seelbach, & Barrett, 1993) . During the controlled treatment group, this level of depth was made difficult because of the interruptions by the teacher (e.g. "Keep the time in mind." or "You have to finish all tasks."), the time pressure and the pressure to perform based for school marks (Grolnick & Ryan, 1987; Reeve & Jang, 2006) . Controlling teaching appears to affect knowledge acquisition negatively in students (Vansteenkiste et al., 2004) . Our study also found that controlling teachers' behavior appeared to have no negative effect on rote learning while conceptual learning was markedly weaker. In contrast, autonomy support appeared to be equally effective or better than both types of learning. On the whole, autonomy supportive teacher behaviors can be recommended to facilitate deep and effective student learning.
